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It has been clear since the pioneering experiments of P. 
Weiss and C. Grobstein in the 1940s and 1950s that the 
interaction between cells and the "ground substance" in 
their environment is critical to their proper function and 
differentiation. During the next three decades, experi- 
ments from many labs refined and extended this observa- 
tion, demonstrating that interactions with the extracellular 
matrix not only affect cell behavior (adhesion, migration, 
morphology) but also cause changes in gene expression 
and cell differentiation. However, the lack of molecular 
information about how cells interact with components of 
their surrounding matrix limited progress in understanding 
the mechanisms by which such interactions influence cell 
function. The purification of cellular receptors for extracel- 
lular matrix proteins in the 1980s and the subsequent rec- 
ognition that these, along with the very late antigen (VLA) 
proteins of leukocytes and the platelet glycoprotein lib/ 
Ilia, formed a superfamily of cell adhesion receptors, revo- 
lutionized the field of cell-extracellular matrix interactions, 
and has led to far-ranging advances in our understanding 
of their importance. The name integrins was introduced 
in 1986 to describe these receptors, which, as transmem- 
brane heterodimers that interact both with extracellular 
ligands and with the internal cytoskeleton, can "integrate" 
the external and internal environments of the cell. 
The growth of the integrin field in the past decade has 
been staggering. To date, 27 different heterodimeric inte- 
grins have been identified, and some integrin subunits 
also exist as structural variants, further increasing the di- 
versity of these receptors. Our understanding of the biolog- 
ical importance of integrins, as well as the complexity and 
subtlety of their function and regulation, has increased 
dramatically as well. Integrins are now known to function 
both as structural elements that physically link matrix com- 
ponents to the actin cytoskeleton and as signal transduc- 
tion molecules that effect changes in gene expression and 
cell behavior in response to ligand binding or mechanical 
stimulation. Integrin-mediated signaling is of fundamental 
importance in many diverse biological processes, such as 
the regulation of cell proliferation, cell differentiation, and 
cell death; directed movements during embryogenesis; 
and tissue remodeling during the inflammatory response 
and in wound healing. Integrins do not have any intrinsic 
kinase activity, so the recent demonstrations that the tyro- 
sine kinase pp125 ~AK binds to integrin 131 and that integrin 
binding activates components of the Ras/MAP kinase 
pathways, have generated enormous excitement about 
their functions as signaling receptors. Up to now, the state 
of integrin research has been reported and monitored in 
numerous excellent reviews, but the breadth of knowledge 
in this area now makes it difficult o summarize in a single 
review article. The book entitled Integrins: Molecular and 
Biological Responses to the Extracellular Matrix edited by 
D. A. Cheresh and R. P. Mecham presents a well-rounded 
summary of recent discoveries in the many diverse areas 
of integrin research and is a timely and welcome addition 
to the integrin literature. 
The editors have structured the book to proceed from 
the general to the more specific. The first three chapters 
cover features common to all integrins: ligand binding, 
signal transduction, and connections with the cytoskele- 
ton. The next two chapters focus on the function of inte- 
grins in the context of multicellular phenomena: matrix 
remodeling and development. Three chapters are devoted 
to specialized integrins and their functions in differentiated 
cell types: the epithelial integrin ~6134, leukocyte integrins, 
and platelet glycoprotein lib/Ilia. The final chapter, by 
J, M. Stadel et al., describes research into therapeutics 
based on integrin antagonists, which is a very active area 
of research. This chapter discusses the natu rally occuring 
snake venom antagonists, known as disintegrins, and de- 
scribes synthetic integrin antagonists developed by sev- 
eral different companies. 
The chapters are well written and present a good sum- 
mary and analysis of the state of the field. Of especial 
note are the chapters by J. W. Smith on the structural 
features of ligand binding and by M. A. Schwartz on signal 
transduction by integrins. Smith's chapter is a good depar- 
ture point for readers who are new to the field; it provides 
a useful historic overview of the development of integrin 
research, as well as a cogent analysis of integrin-ligand 
interactions. I ntegrin-mediated signaling is one of the most 
exciting areas of integrin research at this time, and the 
chapter by Schwartz is succinct and up to date. He pro- 
vides a very thorough analysis of the evidence that integrin 
signaling regulates intracellular calcium levels and intra- 
cellular pH (through the activity of the Na-H antiporter) and 
promotes the synthesis of phosphatidylinositol (4,5)bisphos- 
phate (PIP2), which provides a functional link between inte- 
grin-mediated adhesion and growth factor signaling. Focal 
adhesion structure and the connection of integrins to the 
cytoskeleton are discussed by K. O. Simon and K. Bur- 
ridge, who propose interesting ideas about focal adhesion 
assembly in response to integrin-ligand interaction. 
It has been difficult o make the transition from studying 
integrins at the protein and cellular levels to understanding 
how integrin function can influence morphogenesis and 
tissue function. The most success has been achieved in 
the study of the circulatory system as described in the 
chapters by M. J. Elices on leukocyte integrins and by 
T. J. Kunicki and Z. M. Ruggieri on the platelet integrin 
~llb~3. The specialized role of the 132 integrins in leukocyte 
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homing to sites of inflammation is discussed in detail by 
Elices, who includes an extensive review of the current 
literature (14 pages of references). The role of the platelet 
integrin ~zllb133 in blood clot formation is summarized by 
Kunicki and Ruggieri, who incorporate a well-illustrated 
section on al ibi3 antigenic sites. Notable success has 
also been achieved in elucidating the role of integrins in 
epithelial morphogenesis and function, particularly in epi- 
dermal differentiation. Unfortunately, these topics are not 
discussed anywhere in this book, although the chapter 
by V. Quaranta et al. on epithelial integrins does give a 
thorough description of the unusual epithelial integrin 
~6~4 and its function in hemidesmosomes. 
The regulation of differentiation and tissue-specific gene 
expression by interactions with the extracellular matrix have 
been most completely explored in two systems: mammary 
epithelial cells, where interactions with matrix regulate 
milk protein expression, and rabbit articular fibroblasts, 
where they regulate the expression of matrix-degrading 
proteases. In both cases, a well-characterized cellular 
phenomenon has been dissected to reveal some of the 
underlying molecular mechanisms: the integrin receptors 
that are involved in transmitting information from the ma- 
trix and the specific regulatory elements for the responsive 
genes. These results illustrate the reciprocity of cell-matrix 
interactions, that cells both respond to and modulate their 
environment, and are described with particular clarity in 
the chapter by J. Ashkenas et al. This chapter also in- 
cludes a section on the regulation of integrin expression 
during human trophoblast invasion. 
Probably the least progress to date has been made in 
understanding integrin function during development and 
morphogenesis, but results from Drosophila and Xenopus, 
as well as from genetic knockouts in mic e , demonstrate 
that integrin subunit expression is specifically regulated 
during development and that the information transduced 
by specific integrin heterodimers is both unique and critical 
for normal morphogenesis, despite the apparent redun- 
dancy in ligand recognition. A broad summary of what is 
known about integrin expression and localization during 
development in a variety of species (including a helpful 
table), together with focused sections on integrins in gas- 
trulation, neural crest migration, nervous system develop- 
ment, and Drosophila development, is presented in the 
chapter by T. Lallier et al. 
Given the exponential growth of the field of integrin re- 
search, it is not surprising that a second book, entitled 
Integrins: The Biological Problems and edited by Y. Ta- 
kada, was published concurrently with the book by Cher- 
esh and Mecham. Although there is some overlap between 
the two volumes (three authors contributed chapters to 
both), each has its own strengths. The Takada volume 
includes chapters on cytoplasmic domain function (M. E. 
Hemler et al.), ~zv integrins (C. Gladson and D. Cheresh), 
integrin signaling in T cells (Y. Shimizu), integrins in epi- 
dermal differentiation and function (W. Carter et al.), and 
internalization of microbial pathogens (R. Isberg), as well 
as a chapter by D. DeSimone that provides a more in-depth 
analysis of the role of integrins in amphibian development. 
However, ligand interactions, matrix remodeling, disinte- 
grins, and the clinical relevance of integrins are covered 
in more detail in the Cheresh and Mecham book. An area of 
particular current interest, the regulation of integrin affinity 
states, is discussed in several chapters of the Takada vol- 
ume, most notably those by Hemler et al. and by Y. Shim- 
izu, but is only touched on in the Cheresh and Mecham 
volume. The integrin-activated tyrosine kinase pp125 FAK 
and the role of the small GTPase rho in integrin signaling 
are discussed in some detail in several chapters of both 
volumes, but readers with a special interest in how inte- 
grin-initiated signals are propagated and how they inter- 
face with the major known cellular signaling pathways are 
instead advised to watch the journals for the most current 
primary articles and reviews. Despite the fast pace of prog- 
ress, true aficionados of integrin research will probably want 
to purchase both books, but for those with a more general 
interest, either volume provides substantial amounts of basic 
information about integrins and clearly demonstrates their 
importance to the formation and function of multicellular or- 
ganisms. 
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